PREWAR CAMBRIDGE, 1933-39
Kenneth entered St John's College in October 1933 to read natural sciences. He began with a change of plan, to switch to reading mathematics, but after trying it for two weeks reverted to the original intention. Then, as now, natural sciences students began by studying three sciences. In those days that continued for the first two years. Kenneth chose physics, chemistry and physiology; the last perhaps surprisingly, but he enjoyed it. Practical physics classes were under the direction of the renowned G. F. C. Searle FRS. Kenneth ruefully recalled being reprimanded at his first practical class for attending with loose sheets of paper rather than a bound notebook.
In the third year one science was to be chosen, and after some hesitation Kenneth chose physics. He In 1936 Kenneth obtained first-class honours in the final examinations, as he had done in his earlier two years. He decided to embark on a PhD and joined the radio research group, headed by Ratcliffe. A brief history of the group may be helpful. In 1919 Appleton had started research in the Cavendish Laboratory on questions raised by his experiences of 'wireless' communications during World War I, namely triodes and the propagation of radio waves. The existence of conducting layers in the atmosphere had been suggested by Joseph Larmor FRS and others as an explanation of the ability of radio signals to propagate well beyond what should have been the horizon. The crucial experiment that verified this was devised and performed by the 32-year-old Appleton in December 1924. Earlier that year he had recruited two new graduate students, M. A. F. Barnett in April and J. A. Ratcliffe in June. The former came from New Zealand, and the latter had just graduated at Cambridge. Matters were complicated by Appleton's election to the Wheatstone Chair of Physics at King's College, London, where his duties began in October. During his first year there, Appleton returned to Cambridge for one day a week to give lectures and so kept in close touch with the two students. After that, collaboration continued but separate groups evolved at Cambridge and London; Ratcliffe became a demonstrator at a very early age and effectively led the Cambridge group thereafter. The experimental work continued at various sites.
There was also a need for theoretical developments concerning the propagation of radio waves through an ionized gas (now called a plasma) that is magnetized, and where the wavevector is at an arbitrary direction relative to the magnetic field. For a uniform medium, and with neglect of the thermal motions of the electrons, the answer is given by the Appleton-Hartree (or Appleton-Lassen) equation (62)*. For a non-uniform (for example stratified) medium the question is more far-reaching and requires the development of a methodology rather than a single algebraic equation. H. G. Booker, who was a student in Ratcliffe's group from 1933, made important contributions in that area. I say more about this below.
Then, in 1936, Appleton returned to Cambridge to hold the Jacksonian Chair of Natural Philosophy (in succession to C. T. R. Wilson FRS), bringing members of his King's College group with him. Appleton moved again (to a government post) in 1939, but meanwhile there were two distinct ionosphere groups in the Cavendish Laboratory. I add that Appleton received the Nobel Prize in 1947 in recognition of his proof of the existence of the ionosphere and his research into it. Incidentally I have adopted the name 'ionosphere' here; some literature referred to it as the 'Appleton layer'.
More details of the history sketched in the previous paragraphs can be found in the Royal Society's obituary of Appleton by Ratcliffe (1966) and that of Ratcliffe by Budden (68). I am indebted to these not only for content but also as exemplars in this genre. For the tangled history of the development of the Appleton-Hartree equation and the recognition due to other authors, see Wilkes (1997) .
We may now return to the arrival of Kenneth Budden as a research student in Ratcliffe's group. He started work in August 1936, directed by Ratcliffe himself. Another student, then entering his final year, was M. V. (later Sir Maurice) Wilkes (FRS 1956) , and Kenneth joined him in a continuing project. (They later became lifelong colleagues and friends, as well as Fellows of St John's College.) It was essentially an experimental project, in which observations of ionospheric reflection were made by using public service transmissions, namely the Post Office transmitter at Rugby known as GBR, which operated at a frequency of 16 kHz (wavelength 18.75 km). By observing the interference patterns between the direct ('ground') wave and the reflected wave, or by observing phase relations between them, it was possible to make deductions about the height of the ionospheric reflecting layer. Its changes by day and night could be followed and compared with theories of its formation. This was pioneering work, although the methodology was later superseded. With war imminent in 1939, Kenneth's thesis was somewhat briskly dealt with. Three publications (1-3) resulted from this time.
DELANIUM LTD, 1945-47
As noted above, Kenneth's intention in 1939 had been to join an organization involved in research into coal. His associate there had been Dr J. G. Bennett; as the war was ending, Kenneth resumed contact with him. It emerged that Bennett had established a new company, Delanium Ltd, and Kenneth accepted employment there, as Director of Research.
If coal is first pulverized and then heated more slowly than in the conventional coking process, the end product, after the volatile constituents have been driven off, is a form of carbon that is not brittle or porous (like coke) but is suitable for various applications (for example electrical contacts). The precise qualities of this material depend on the quality of the coal used and the details of the process.
After a promising start, and a visit to Germany, ownership of the company changed hands. The new regime discontinued research, so in the autumn of 1947 Kenneth left Delanium Ltd.
Anticipating this turn of events, he started searching for a university position. By good fortune, a vacancy occurred in the Cavendish Laboratory. There was also a teaching vacancy at Kenneth's college, St John's. These resulted from the departure of the low-temperature physicist Jack (J. F.) Allen (FRS 1949) to a chair at St Andrews University. Kenneth was appointed to these positions in Cambridge and spent the remainder of his career there.
In (FRS 1952) , who had been due to start as a PhD student in 1939. Instead he had spent the war years working on radar and returned to initiate and establish the study of radio astronomy. It began as a small subsection of the Radio Group but by 1960 comprised the major part of it.
Kenneth Budden rejoined the group as a university demonstrator in 1947. With characteristic thoroughness he gave first priority to his teaching duties. For the university, these included delivering lectures and conducting practical classes. For the college he directed studies, which meant that he was personally responsible for the progress of the students in his subject, advising them and arranging their tutorial teaching ('supervision' in Cambridge parlance), and was expected to carry out a substantial part of this himself. This involved a wide range of specialized topics, and Kenneth gave himself a refresher course by attending thirdyear lectures given by his colleagues. There were also examining duties for both the University and the College. Among Kenneth's early undergraduate pupils was Abdus (later Sir Abdus) Salam (FRS 1959; Nobel Prize in Physics 1979).
Resuming research where he had left off in 1939, as an experimentalist, turned out to be unattractive, because the work had moved into other hands. Kenneth produced only one more experimental paper (7) before settling on theory. He started work on various aspects of magnetoionic theory, as it had been developed by Booker. (In the event, Booker left Cambridge in 1948, emigrating to the USA.) Kenneth began by working on the waveguide mode picture of ionospheric propagation, in which the ionosphere is regarded as a perfectly reflecting plane parallel to the Earth's surface. This is adequate for propagation over large distances; it is also applicable to the problem of the treatment of atmospherics (radio signals originating in lightning strokes). This approach can be improved by an ad hoc designation of the ionospheric wall as being imperfectly conducting.
To improve this further, one must account for the penetration of the wave some way into the ionosphere, and its possible internal reflection. One approach is to work in a way that is analogous to geometrical optics, in which the changes in the medium occur over a length scale much greater than a wavelength. This is referred to as ray theory, or ray tracing. The refractive index to be used is given by the Appleton-Hartree equation, which is quite complicated because the medium is birefringent, dispersive and anisotropic. If ray theory is not applicable, one must return to the underlying differential equations. The stratification of the medium leads to equations with non-constant coefficients. This is the so-called full wave approach. For an adequate treatment of the process of reflection this is essential.
Such investigations begin with extensive analytical work, in which Kenneth soon became a master. To obtain specific results that could be used to interpret observations also requires numerical calculations. Scientific electronic computing was in its infancy in the early 1950s. At Cambridge the leader in the field was M. V. Wilkes. He had developed the computer EDSAC (actually EDSAC 1), which was valve-based, with a memory of about 16 kilobytes, and of course there were no high-level languages. Kenneth noted:
The biggest step forward was when I was able to use the Cambridge computer EDSAC 1, which was largely designed by M. V. Wilkes. In the daytime it was nearly always undergoing engineering changes and maintenance, so we used to work on it at night. There I met many distinguished scientists and we often had interesting discussions around 3 or 4 a.m. while we waited for our results to come out on the tape punch, and while our wives were sleepless at home wondering whether we were being electrocuted by the machine. The first EDSAC 1 program for calculating ionospheric reflection coefficients at VLF was written by D. R. Hartree … .
What would now be routine was at that time laborious and pioneering. Kenneth regarded two of his papers (13, 14) as important products of that epoch. We are left to guess the identities of the distinguished EDSAC 1 clients, but they would have included A conference on the physics of the ionosphere was held in Cambridge in September 1954. It provided a useful summary of the then state of ionospheric physics. The proceedings were frequently referred to for some time afterwards. Kenneth gave the survey paper for the theory section and contributed two papers (15-17).
Kenneth took sabbatical leave for the period January to September 1957. He spent much of it in North America, accompanied by Nicolette. During January to May 1957 he worked at the National Bureau of Standards Laboratory in Boulder, Colorado, in association with the University of Colorado. He was invited to give postgraduate lectures on radio propagation and the ionosphere, which were similar to the postgraduate course he had given in Cambridge for Part III of the Mathematical Tripos (which in turn could be traced back to the courses given by Booker). Kenneth took the opportunity to gather this material more systematically into a manuscript that became the first draft of his massive textbook Radio waves in the ionosphere (25) . It eventually appeared in 1961.
In June 1957 Kenneth visited the Pacific Naval Laboratory, Esquimalt, situated close to Victoria, BC, Canada. This was an outstation of the National Research Council Laboratory in Ottawa. There the object of research was the propagation of sound under water, as guided by the surface and the bottom. While it is obviously analogous to the waveguide mode theory of radio propagation between the Earth and ionosphere, the groups working in these two specialities had up to that point remained out of touch with each other. Kenneth delivered some lectures to help bring the groups together, and a transcript of these was made. This later formed the starting point for Kenneth's second book The wave-guide theory of wave propagation (26), which came to fruition later.
The sabbatical leave travels concluded with visits to Stanford, Chicago, Toronto and Ottawa.
Returning to Cambridge in August 1957 was not an opportunity for relaxation, as the Buddens moved home shortly afterwards.
During 1957-60 Kenneth's research included more computational work. The facilities available steadily improved and he worked with two graduate students for whom that activity was of great interest. They were D. W. Barron and M. V. L. Pitteway, who both became professors of computer science.
Kenneth also worked on the manuscript of Radio waves in the ionosphere and was able to deliver it to Cambridge University Press in January 1959. It appeared in 1961 (25) and was soon recognized as a classic. On 14 June 1982, under the heading 'This week's citation classic', the publication Current Contents informed readers that the book had received 935 citations.
Having completed the first book, Kenneth turned to his manuscript on waveguide mode theory. Encouragement came from Sir Harrie Massey FRS as editor of a series of monographs. The work was completed by August 1960 and appeared in 1961 (26).
Kenneth noted, 'The period 1947 to 1956 was probably the most productive and profitable for my research work and I think it was also the best period for the radio ionosphere section. ' 
CAMBRIDGE, 1960-82
In June 1960 there came something of a bombshell. As recorded by Kenneth:
Ratcliffe asked the staff members and research students of the Radio Group to assemble in a lecture room, as he wished to make an announcement. He then told us that he would be leaving Cambridge to take up appointment as Director of the Radio Research Station at Slough.
As a result, Martin Ryle became the head of the Radio Group as a whole, and the balance of interest shifted markedly in favour of the radio astronomy section. Kenneth became leader of the ionosphere section. Senior members of the ionosphere part who were not in tenured positions quickly left for posts elsewhere. These included K. Weekes, B. H. Briggs and J. O. Thomas. Experimental work was soon discontinued. Theoretical work continued with P. C. Clemmow, and J. P. Dougherty had just become a postdoctoral member. New resources went to the radio astronomy section, in which there was much activity with the cataloguing of radio sources, and much debate with Fred Hoyle over the big bang versus continuous creation, and where the discovery of pulsars would occur in 1967.
The international body that coordinates activities in Radio Science is the Union RadioScientifique International (URSI). It holds a triennial General Assembly and organizes specialized symposia.
In the summer of 1962, Kenneth attended an URSI Symposium on antennas, in Copenhagen (30). In the next month he was at Les Houches to lecture at the annual summer school of the University of Grenoble. The topic for that year was 'Geophysics. The Earth's environment'. The lectures, given by a distinguished team that included Sydney Chapman FRS, were later published in a book with the same title. Kenneth's part was also published in 1964 as a separate book, his Lectures on magnetoionic theory (35). This naturally covered basic material already given in Radio waves in the ionosphere (25) , but the new book provided an easier introduction for those for whom the older one was rather intimidating. It also covered some new topics; these included some of the effects of electron temperature, involving spatial dispersion and plasma waves, and a discussion of ray surfaces and refractive index surfaces.
Kenneth
At Ottawa he worked at the Defence Research Telecommunications Establishment (DRTE) near Ottawa, which he had visited briefly in 1957. In 1963 the Alouette satellite, bearing a topside sounder, had recently been launched. The signals returned showed resonances that are not present in the case of ground-based sounders; this had not been predicted. Much attention was being given to the interpretation of these resonances, about which Kenneth wrote one paper (32). He also worked on reciprocity (33).
In Adelaide, Kenneth joined B. H. Briggs, who had left the Cambridge Radio Group in 1960. The main interest there was in ionospheric irregularities, their motions and the scattering of radio waves from them (36, 39). Interest in scattering can be traced to the pioneering paper of Booker, Ratcliffe and Shinn (Booker et al. 1950) , and subsequent work of Kenneth's student R. P. Mercier (Mercier 1959) .
Another topic that Kenneth took up around this time was that of thermal noise in the ionosphere, some aspects of which had already been investigated in connection with incoherent scatter. Work on this, with a research student G. J. Daniell, was presented at a Colloquium in Paris, 'Antennas in ionized media', organized by CNES (Centre National d'Études Spatiale) in June 1965 (40).
In 1965 the university promoted Kenneth to a readership in Physics. He was elected FRS in 1966.
In June 1968 Kenneth was invited to attend an URSI symposium on electromagnetic waves to be held at Stresa, Italy, and to present a paper. He prepared a very full review of the theory of full wave solutions for waves in a stratified magnetoionic medium (41), which was unfortunately published in a rather inaccessible journal, but he later reused much of it for his 1984 book.
Kenneth also attended the URSI General Assemblies in Munich (September 1966) and in Ottawa (September 1969).
In the late 1960s Kenneth researched further in random scattering theory with a student, B. J. Uscinski, resulting in three papers applying it to the scintillation of astronomical radio sources (42, 43, 45) . See also a later book by Uscinski (Uscinski 1977) .
In December 1974 the Royal Society held a two-day Discussion Meeting to mark the 50th anniversary of Appleton's discovery of the ionosphere. Kenneth was among the invited speakers and produced what he regarded as one of his best expositions, on phase integral methods (51).
As Kenneth approached retirement, his 1961 book (25) was some 20 years old and was becoming out of date, not least because of his own publications. He concluded that the revision required would exceed that which could be called a new edition, and that the new book should have the title The propagation of radio waves. This massive project was completed after his retirement (62).
A criticism of the 1961 book was that it had virtually ignored the extensive work produced in the Soviet Union. Kenneth (echoing, but here sincerely, Shostakovich's famous remark about his Fifth Symphony being a reply to 'just criticism') acknowledged that, and took pains to improve it in the new book. His contacts with Soviet physicists also led to a collaboration with Ya. L. Al'pert starting in 1979, which resulted in a major publication (60). It was a matter of disappointment that Al'pert was not permitted to leave the Soviet Union at that time (61) .
Throughout the period covered in this section, Kenneth researched and published on many of the topics that had engaged him during his career, notwithstanding his relative isolation. He resisted any temptation to switch his research interests to matters such as radio galaxies and pulsar magnetospheres, which were actively discussed by his radio astronomical colleagues.
Kenneth retired in September 1982.
RETIREMENT, 1982-2005
Kenneth continued with academic work well into retirement. His magnum opus, The propagation of radio waves, appeared in 1985 (62), running to over 600 pages, and was well received. The large paper (60) mentioned above was also completed. Soon after that, Kenneth began a new collaboration with Dyfrig Jones, a former research student from the 1960s. Jones, who was both a theorist and an experimentalist, had returned to the Cambridge area to a post in the British Antarctic Survey. They produced four articles (64-67). Sadly, Jones died in 1989.
The deaths of his mentors Ratcliffe and Booker also occurred in the late 1980s, and Kenneth wrote obituaries (68, 69) and an article for a commemorative collection (71).
Two further papers (73, 74), the last in 1994, appeared, showing his undiminished enthusiasm and mastery of detail.
In 1985 Kenneth received an honorary doctorate at the University of Düsseldorf. In 1993 he was awarded the Institute of Electrical and Electronics Engineers (IEEE) Heinrich Hertz Medal 'For major contributions to the theory of electromagnetic waves in ionized media with application to terrestrial and space communications'. In 1999 he received the Gold Medal of the Royal Astronomical Society.
Outside academic activities, Kenneth also had many happy years of retirement. He particularly enjoyed gardening and beekeeping.
He died after a decline due to Parkinson's disease, on 4 September 2005.
RESEARCH ON RADIO PROPAGATION
Kenneth's prewar and wartime work were important influences, but his publication career began effectively in 1951. His work was mostly within the single field of magnetoionic theory, the only important exception being the waveguide mode theory. Magnetoionic theory can be subdivided into several topics, which Kenneth revisited from time to time; these are described in turn below. His contributions to it were conceived entirely within the context of ionospheric and magnetospheric radio propagation, extended in the case of his collaboration with D. Jones to the magnetospheres of other planets. The theory and methodology do, however, have other applications. Kenneth had firm views about the presentation of work for publication, and about the use of mathematics by physicists. These views were inherited from Ratcliffe; Kenneth set them out in his obituary of the latter (68). His papers and books all display meticulous attention to style and clarity, and to the overall structure. The level of mathematics is set at whatever is needed for the task in hand, avoiding unnecessary abstractions. However, advanced methods were not shunned: he was adept at manipulations in the complex plane and, where needed, the use of special functions.
As we have noted, Kenneth was a pioneer in the development of computational physics, starting from the very limited facilities available in the early postwar years. Software was then in a similarly primitive state.
Kenneth was also keenly aware of the history of his subject. Where he cites the works of writers such as Hamilton, Stokes and Lorentz, you may be sure that he had actually read them!
Magnetoionic theory: dispersion relation
To explore the propagation of electromagnetic waves in a plasma such as the ionosphere, the starting point is to deal with plane waves in an infinite uniform medium. Motion of the free electrons is governed by Newtonian dynamics, taking account of the electric field of the wave and the externally imposed magnetic field (in this context the Earth's). It is also sometimes appropriate to include a frictional term to account for collisions. The thermal motions of the electrons are ignored, and the positive ions merely provide a fixed neutralizing background.
These dynamical equations are combined with Maxwell's equations and the system is linearized. Imposing the plane wave structure then leads to the dispersion relation. This connects the frequency with the wavenumber vector (spatial frequency). The situation is analogous to the optics of crystals, although different in detail. The presence of charges makes the medium dispersive, and the applied magnetic field makes it anisotropic. Various regimes arise, depending on the ratios of the wave frequency, plasma frequency, cyclotron frequency and collision frequency. A convenient form for this relation is the Appleton-Hartree equation, in which the frequency and direction of propagation are specified. The squares of the refractive indices then appear as the roots of a quadratic equation, corresponding to two possible polarizations. However, other forms are also used. Derivatives of the dispersion relation give the vector group velocity.
All of this was known before 1950. But extensive numerical studies are required to acquire familiarity with this area and apply it to the interpretation of observations. Graphical plots of solutions as functions of the various parameters make this possible. The necessary computer facilities, although slow and cumbersome, were emerging around that time.
Kenneth's expositions of this topic appear in his textbooks, and he reported research on novel points that he encountered (37, 38, 57, 59 ).
The stratified ionosphere
The basic activity of observational ionospheric research is to transmit and receive radio waves that are reflected by the ionosphere. This yields information used in the study of the physics of the medium, and used to make predictions for communications. For many purposes, the ionosphere, although inhomogeneous, may be taken to be horizontally stratified, and constant in time on the scale of the observation. Provided the inhomogeneity is on a spatial scale much larger than the wavelength, transmission can then be handled in the manner of optics, using the local refractive index. Wave packets travel along rays, at the group velocity.
In the simplest case, transmission and reception are on the ground and at the same place. Suppose, in addition, that the wavenumber vector is vertical. If the frequency is not too high, the pulse is reflected at a level at which the refractive index vanishes, the signal above that being evanescent. The theory can be used to compute the time of transit for the pulse, noting that it travels at the (varying) group velocity. This process applies to each of the possible waves resulting from the (quadratic) Appleton-Hartree equation; their reflections occur at unequal heights.
If for some reason the wavenumber vector is not vertical, the above has to be generalized. The stratification ensures that the horizontal components of the wavenumber vector, although not zero, are constant (Snell's law). Solving for the vertical component then leads to a quartic equation, known as the Booker quartic (Booker 1936) . Again, the numerical exploration of its solutions and the group velocities is extensive, but it is necessary for the interpretation of observations.
More complicated, but viable, calculations are required if the source and receiver are in different places, or mounted on a moving spacecraft.
Under the next few subheadings we consider specific areas of work.
Ionosonde calculations
The ionosonde is a device that can send signals to the ionosphere and receive reflections. It is usually ground-based but in later years it has been carried on satellites. It transmits a signal consisting of a slowly rising frequency, in the range 2-6 MHz. It then records the echo, which includes traces for both the ordinary and extraordinary waves, and so supplies the time delay as a function of frequency, for both echoes. This is usually given as an 'equivalent height', meaning the height of an imagined perfectly reflecting sheet, replacing the ionosphere, that would give the same delay. The theory outlined above shows how the equivalent height could be calculated, as a function of frequency, for an ionosphere of given constitution. But the inverse problem has to be solved: given the ionosonde data, what was the distribution of electron density as a function of height? This requires the solution of a Volterra integral equation. In the unrealistic case of zero magnetic field, it reduces to Abel's integral equation and can be solved analytically, but in practice a numerical method is needed. In 1955 Kenneth provided an early solution to this problem (17). He returned to the subject later (29).
Phase integral methods and ray tracing
For propagation in the stratified ionosphere the local solution to the governing equations is taken to be approximately that of a plane wave that satisfies the local dispersion relation. It then remains to connect these solutions across strata by relating the complex amplitudes and polarization structure so as to create a global solution. This is known in other fields as the WKB (or Liouville-Green) method. It underlies the procedures used in the previous two subsections, but Kenneth took the analysis further in what he referred to as 'complex ray tracing'. Satisfying the dispersion relation or the Booker quartic leads to complex frequencies and wavenumber components, and this leads naturally to the extension of the height variable into its complex plane. In this way, Kenneth created the subject of complex ray tracing, including somewhat mysterious notions such as a complex height of reflection (44, 71, 73) .
Another result in this area was the discovery by Kenneth and a graduate student, M. S. Smith, of the 'additional memory' (53) that occurs in sufficiently complicated cases. Although this was perhaps something of a curiosity in this context, it turned out to be mathematically related to the 'geometric phase' of quantum mechanics; to make the connection, the height in the ionospheric context has to be traded into time in quantum mechanics. This was noticed later by M. V. (later Sir Michael) Berry FRS, and was investigated by him (Berry 1990 ).
Full wave solutions
There are circumstances in which the phase integral methods fail. These include internal reflections, coupling of modes, and others. One must then revert to the underlying equations (Maxwell's and the particle dynamics). Treating the stratified medium, with magnetic field at a general inclination, is rather cumbersome. For analytical work, Kenneth consistently employed a particular formulation that can be traced back to papers of Clemmow and Heading (Clemmow & Heading 1954) and Budden and Clemmow (19) . For numerical work (of which (13, 14, 22) were important pioneering examples), it is better to work with the original equations.
Particular interest is attached to the places at which two or more of the roots of the Booker quartic coincide. In the case of vertical incidence this includes reflection points, and there are local solutions involving Airy functions.
Topics investigated
The following topics were investigated by the approaches outlined in the previous two subsections, or a combination of them.
Reflection coefficients can be calculated (6). There is a delicate problem concerned with the polarization of the reflected wave when it re-emerges from the ionosphere (9).
Coupling of modes occurs at a level at which two solutions of the Booker quartic coincide (46). This may be extended to the possibility of the coincidence being at a complex height (48), leading to the notion of resonance tunnelling (55, 65). The coupling has important observational consequences because it can convert energy into ultra-low-frequency waves, which are detected by magnetometers. The process may be of interest to fusion research as a contribution to plasma heating, and Kenneth drew attention to this in a paper published in a fusionoriented journal (58). Coupling also led to the topic of radio windows (56, 63, 65, 66) . In his very last paper (74) Kenneth investigated triple coalescence.
Some of the publications depart from the usual picture of an infinite plane wave propagating through the ionosphere, and deal with a finite or even a point source. Thus the radiation created by a finite terrestrial antenna can include a caustic (54). Similarly, on receiving radiation from external sources, of interest in radio astronomy, there is the phenomenon of 'edge focusing' (24, 31). Continuing on the theme of extraterrestrial sources, Kenneth also worked on scattering theory in the ionosphere (36, 42, 43, 45) .
The problem of an antenna immersed in a magnetoionic medium was considered very briefly (30), with a promise of more to come. This was fulfilled after a long delay with a major review paper (60), prompted by correspondence with Al'pert. There are also two papers on the related subject of the behaviour of a spherical cavity in a plasma (32, 67).
Finally, there are two papers on reciprocity (12, 33). Reciprocity concerns the relation between transmission from a source at A to an observation at B and vice versa.
Waveguide mode theory
This topic does not involve magnetoionic theory. Kenneth contributed to it in the early years of his career, culminating in his book (26), but lost interest in it after that, returning only briefly later (49, 50) . With characteristic candour, he wrote on (8), 'this paper contains errors and should be withdrawn; KGB 28/9/94'.
In summary, Kenneth was a world expert on his chosen field, a perfectionist who wrote with great clarity, and an acknowledged master. He exploited to the full the possibilities inherent in what might at first seem to be a rather narrow field but actually enables the extraction of very detailed information from ionospheric radio reflections. SOME PERSONAL NOTES Kenneth married Nicolette Longsdon in 1947, just as he was re-entering university work after a war career and his brief period in industry. It was a long and idyllic marriage that ended with his death 58 years later. Their home at 15 Adams Road was the scene of excellent hospitality for friends, colleagues and students alike. Besides her own activities, Nicolette gave tireless assistance in typing Kenneth's work for publication: the books alone comprise about 1600 pages of print. There were no children.
In his prime (which lasted a long time!) Kenneth appeared as a vigorous man, both physically and mentally. He was a strong walker and gardener. He showed little interest in organized sport although he followed the fortunes of Portsmouth Football Club, in which his father had held shares.
Kenneth moved among some colleagues also noted for histrionics and acrimonious debate. In St John's his opposite number in mathematics was Fred Hoyle, and in the Cavendish Laboratory he was closely associated with Martin Ryle. In contrast with them, he was always the calmest of persons, and a most considerate colleague. I have been unable to trace Kenneth expressing any opinion on the steady state or big bang universe, although he may very well have held views, rationally arrived at.
Actually the careers of Kenneth and of Fred Hoyle, at least until they were about 40 years old, were remarkably similar. Kenneth was just one day older than Fred. Their mothers were both professional pianists, and the houses would have echoed to the sounds of rehearsals and lessons. They both made their way to Cambridge from grammar schools via entrance award examinations (in fact they would have taken the same question papers). They both spent the war years on radar (Fred at the Admiralty). And by 1947 they were both Fellows of St John's.
Kenneth and Nicolette created the extensive garden at 15 Adams Road, which was occasionally open to the public. They were also devoted dog-owners and bee-keepers. Kenneth was a keen amateur pianist, having been originally taught by his mother. Visits from his sister Stella would result in stirring duet sessions. He also enjoyed chess.
As noted earlier, Kenneth travelled extensively during the war years and on sabbatical leaves. Later, however, he suffered from travel sickness, and these activities had to be avoided.
He also suffered from partial deafness from an early age. He made light of it, but it was inevitably a difficulty at social occasions, masking his urbanity and lively sense of humour.
Of great importance to Kenneth was his Christian faith. He was a regular attender in the College Chapel and was also a very supportive member of the congregation at St Edward's Church. He preached once at each of these. 
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